CONVERSION FACTORS and VERTICAL DATUM

INTRODUCTION
The Federal Highway Administration (FHWA) has established a requirement that all State highway agencies evaluate the bridges on the Federal Aid System for susceptibility to scour-related failure. In 1994, the U.S. Geological Survey (USGS), in cooperation with the Alaska Department of Transportation and Public Facilities (ADOT&PF), began a cooperative study of bridge scour in Alaska. The project was part of a national cooperative effort among the States, the FHWA, and the USGS to analyze scour potential at existing bridge sites. The ADOT&PF screened approximately 800 bridge sites in Alaska, selected 520 sites as scour susceptible, and assigned 340 of these scour-susceptible sites to the USGS for assessment. To date, assessment of scour has been completed for 325 of the 340 sites.
Background
A bridge is described as "scour-critical" if the abutment or pier foundations or both have been determined to be, or have the potential to be, undermined or to become unstable because of hydraulic erosion of the channel bed or banks (Federal Highway Administration, 1988) . Scour processes are accelerated during high-flow conditions, and the potential for scour-
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By Thomas A. Heinrichs, Ben W. Kennedy, Dustin E. Langley, and Robert L. Burrows related problems at a bridge tends to increase during floods. Bridge-scour processes are classified into three components: (1) general long-term aggradation or degradation of the stream channel, (2) contraction scour, and (3) local scour at piers and abutments. The total scour that can occur at a bridge is the sum of these components.
General scour refers to geomorphic processes that cause degradation, such as long-term adjustments of a channel that result from changes in basin hydrology, hydraulics, or sediment movement. Contraction scour refers to the general lowering of the channel bed under the bridge. Contraction scour is initiated by increased flow velocities through the bridge opening, change in local base-level elevation, or flow around a bend. The most common cause of contraction scour is the contraction of flow by bridge-approach embankments that encroach on the flood plain, the main channel, or both (Richardson and Davis, 1995) . Local scour is the removal of material around piers, abutments, spur dikes, and embankments caused by flow acceleration and turbulence near bridge substructural elements and embankments.
Purpose and Scope
Evaluation of the selected 325 bridge sites is being accomplished in two phases. Phase I, which is described in this report, is the preliminary assessment of scour, floods, and basin characteristics for each of the selected sites. Phase II evaluation consists of detailed field surveys, inspections, and additional hydraulic modeling of those bridges that have a high potential for scour as determined by ADOT&PF from reported Phase I results. The results of Phase II scour assessments will be published in a subsequent report.
The purpose of this report is (1) to document the general methodology used to evaluate scour for the selected bridge sites in Alaska and (2) to summarize preliminary scour results, basin characteristics, and calculated estimates of 100-and 500-year peak flows for each of the 325 bridge sites analyzed to date. Fifteen additional sites were not completed because they either are affected significantly by tidal activity or do not have bridge plans readily available.
This study is focused on estimating maximum contraction scour and local pier scour at selected bridge sites associated with floods having annual exceedence probabilities of 0.01 and 0.002, referred to hereafter as the 100-and 500-year floods, respectively. The scour analyses do not include other factors that can affect bridge scour, such as channel migration or long-term aggradation or degradation that may be occurring at the bridge site.
The maximum-scour equations used for this study are those presented in an FHWA report, Hydraulic Engineering Circular 18, by Richardson and Davis (1995) -hereafter referred to as "HEC-18."
METHODOLOGY
An estimate of the maximum scour that may occur at a site during a high-flow event can be made by determining the hydraulic properties of the channel and bridge opening for a flood and using appropriate scour equations.
The techniques developed by the USGS for this Phase I study were in response to requests from ADOT&PF for a low-cost, quantitative scour-estimation technique. When this project was initiated in 1994, two methods were in general use for screening bridge sites for scour potential, and both required initial site visits: (1) Using data entered into a standardized qualitative form to assess geomorphic features of the site, to determine certain bridge parameters, and to identify and rate scour potential for the bridge (Robinson and Thompson, 1993; Huizinga and Waite, 1994) . (2) Surveying the cross sections required to develop a hydraulic model of flood flow through the bridge opening, modeling the flow, and extracting variables from the model output to compute scour by empirical techniques described in HEC-18 (Richardson and Davis, 1995) . Doing site-specific field surveys and producing hydraulic models are relatively expensive and time consuming but do provide a quantitative estimate of scour based on current physical conditions at the site. In the past, the less expensive method using standardized qualitative forms commonly was used as a screening method (Phase I) to select sites that may require a more detailed and expensive quantitative estimate of scour (Phase II).
A new technique developed by the USGS provides a relatively low cost, preliminary (Phase I) but quantitative estimate of scour. Channel cross sections and hydraulic models were developed from bridge as-built plans or plans-of-record (provided by ADOT&PF) and other existing bridge and hydrologic information such as bridge inspections, USGS discharge measurements, and USGS indirect flood computations as well as from topographic maps. Scour was computed from these models by the accepted FHWA techniques as described in HEC-18 (Richardson and Davis, 1995) .
Phase I scour-estimation techniques described in this report are composed of four essentially discrete steps: (1) Compute magnitudes of the 100-and 500-year floods from regional regression equations or published flood-frequency analyses. (2) Determine cross sections and hydraulic properties for each bridge site based on existing bridge plans and available hydrologic information. (3) Compute the water-surface profile for the 100-and 500-year floods by using Shearman's (1990) step-backwater water-surface profile (WSPRO) model. (4) Compute contraction scour and pier scour by using variables generated by the WSPRO model and techniques recommended by the FHWA in HEC-18 (Richardson and Davis, 1995) .
Because of the repetitive and complex nature of the computations, software was developed to automate each of the four steps. This software allowed timely and accurate analyses of sites by automating repetitive tasks and providing quality-assurance tools.
Magnitude of 100-and 500-Year Floods
Alaska has a relatively sparse stream-gaging network. For bridge sites having a sufficient streamgaging record, floods were estimated by using both standard flood-frequency analyses (Interagency Advisory Committee on Water Data, 1982) and regional regression flood estimates (Jones and Fahl, 1994) . Specifically, at sites where both the standard frequency and regression flood estimates were available, floods were combined by using a logarithmic-weighting factor based on the number of years of stream-gaging data and an equivalent factor for the regression-computed floods (Jones and Fahl, 1994) . For ungaged sites, the 100-and 500-year floods were computed by using regional regression equations, which required drainage basin characteristics as outlined by Jones and Fahl (1994) . Statistically significant basin characteristics that vary by region throughout the State include basin area, mean basin elevation, mean annual precipitation, mean minimum January temperature, percentage of basin covered by forest or covered by lakes or ponds. Basin characteristics are summarized in table 1. Of more than 300 basins characterized during Phase I of this study, many had no previous data on record. Scour assessments were not done for all the sites included in table 1, such as Chilkoot River bridge 387; scour assessments were done at other sites that do not appear in table 1, such as the Chena River bridge sites where maximum flow is regulated. A geographic-information system (spatial database) was used to automate the process of extracting basin characteristics from maps, and a spreadsheet incorporating regional regression equations was used to automate flood computations.
Cross Sections and Hydraulic Properties
To model water-surface profiles accurately, cross sections and hydraulic properties for the bridge and channel must be determined by surveying or be estimated by other techniques. In this study, nearly all cross sections were derived from existing bridge plans. Almost all bridges in the State were built in the last 60 years, and bridge plans are readily available. These plans generally include an elevation view of the bridge showing the angle of attack (skew) of channel flow relative to the bridge at the time of construction and commonly contain a detailed topographic map showing the shape of the channel and overbank near the bridge.
Some bridge sites have available additional information such as discharge measurements at or near the bridge, stream-gaging records, bridge inspections, surveys for indirect flood computations, and photographs. When possible, such additional information was combined with the bridge-plan information to produce representative cross sections, determine channel-flow angle of attack at the bridge, and delineate breaks between the main channel and overbank. Jones and Fahl (1994) . Flood-frequency area designations are from Jones and Fahl (1994 Jones and Fahl (1994) . Flood-frequency area designations are from Jones and Fahl (1994 Jones and Fahl (1994) . Flood-frequency area designations are from Jones and Fahl (1994 Jones and Fahl (1994) . Flood-frequency area designations are from Jones and Fahl (1994 Jones and Fahl (1994) . Flood-frequency area designations are from Jones and Fahl (1994 Manning's n values (roughness coefficients) were assumed to be 0.035 in the main channel and 0.10 in the overbank area. These typical values were changed if information from photographs, site visits, surveys, or other sources indicated a more appropriate value. In general, winding natural streams filled with weeds have n values of about 0.035 and mountain streams flowing over rocky beds have n values on the order of 0.04-0.05 (Fetter, 1994) .
Friction slope and valley slope were estimated from topographic information (from 1:63,360-scale USGS quadrangle maps or from bridge-plan maps), from discharge measurements (by back-calculation using Manning's equation), or from information derived through surveying or by a site visit. Slopes for many of the Phase I sites were estimated from USGS topographic maps and have associated uncertainties on the order of ±50 percent.
Bridge hydraulic parameters-including bridge width, embankment slope and elevation, low-steel elevation, pier widths, and bridge type-were obtained from existing bridge plans.
Automated procedures were developed to increase the efficiency and accuracy of entering this information. The process is outlined as follows: (1) Digitize bridge, full-valley, and pier information from existing bridge plans using AutoCAD. Export data to a spreadsheet. 
Computation of Water-Surface Profile Using WSPRO Step-Backwater Model
Water-surface profiles for the 100-and 500-year flood discharges were calculated using the WSPRO step-backwater model (Shearman, 1990) , which is a water-surface profile computational model for onedimensional, gradually varied, steady flow in open channels.
Typical cross sections used in the WSPRO model are shown in figure 1 and were described in detail by Shearman (1990) . Cross sections are referenced as follows: Sections upstream from the bridge are called approach sections; sections at the bridge location without the bridge structure, full-valley sections; sections with the bridge structure in place, bridge sections; and sections downstream from the bridge, exit sections. One bridge length (b) is the recommended distance between cross sections (Shearman, 1990) .
Hydraulic models resulting from WSPRO computations can vary depending on the information available; however, most of the models used in this study were one of two types: (1) Models based on the bridge and full-valley cross section. Three exit and one approach section were templated from the full-valley section. (2) Models based on the bridge and full-valley cross section and an approach section read from the bridge plan topographic map. Three exit sections were templated from the full-valley section. Channel slope is an important parameter for this method because it is used both to template the elevation change for the additional sections and to estimate the starting friction slope for the model. The chosen slope affects the depth and velocity of the flow, both of which are important factors in scour computations. WSPRO model parameters are reviewed and adjusted as needed to ensure that model parameters, and the resulting output, are within known ranges of natural physical systems. Flow properties for the hydraulic sections were generated from WSPRO computations for use in scour equations. 
ESTIMATES OF CONTRACTION SCOUR AND PIER SCOUR
Scour was estimated by applying FWHA techniques and equations presented in HEC-18 (Richardson and Davis, 1995) , assuming WSPRO modelderived hydraulic properties. In this Phase I scour assessment, the USGS and ADOT&PF chose to compute the two principal types of scour that occur at bridges: contraction scour and local scour at piers. Although techniques for estimating abutment scour exist, they have large associated uncertainties. Furthermore, most abutments on Alaskan bridges are armored by riprap to inhibit local scour (Mark Miles, Alaska Department of Transportation and Public Facilities, oral commun., 1995).
Contraction scour is affected by the sedimenttransport characteristics of the stream; therefore, HEC-18 (Richardson and Davis, 1995) included contraction-scour equations for both live-bed and clearwater sediment-transport conditions. For this study, maximum contraction scour was estimated (table 2) assuming live-bed transport at all selected bridge sites. Live-bed transport is a reasonable assumption for Alaska's alluvial streams and rivers and yields a more conservative estimate of scour. The bed material was assumed to have a median diameter of 10 millimeters (0.34 in), and an associated fall velocity of 2.60 ft/s, at all bridges except bridge 331 and 332 on the Copper River Delta. Median diameter grain size at bridge 331 is 15 millimeters (0.59 in) and at bridge 332 is 0.4 millimeter (0.03 in) (Brabets, 1994) . Bed-material fall velocities were derived according to methods presented in HEC-18 (Richardson and Davis, 1995, p. 32) , assuming a water temperature of 32°F. Thus, the derived fall velocity for bed material at bridge 331 is 3.67 ft/s and at bridge 332 is 0.14 ft/s.
Pier scour (table 2) was calculated according to procedures outlined in HEC-18 (Richardson and Davis, 1995) . Flow at the bridge was divided into 20 stream tubes of equal conveyance by using an option in the WSPRO model program. The highest velocity stream tube was selected and assumed to be directed at the widest pier. This assumption provides the maximum estimate of pier scour. The HEC-18 pier-scour equation is recommended to be used for both live-bed and clear-water sediment-transport conditions and is relatively sensitive to changes in pier geometry and angle of attack. Scour computations were automated using Excel spreadsheet and Visual Basic programs to extract the required variables from the WSPRO output.
At several sites, pressure scour is a potential problem because estimated floods partly or fully submerge the bridge. These sites are noted in the "Comments" column of table 2. However, pressure-scour values were not calculated because of the lack of a generally accepted method for estimating pressureflow scour under live-bed conditions, according to HEC-18 (Richardson and Davis, 1995) .
Four selected examples of Phase I bridge-scour analyses are summarized in the appendix. The examples were selected to illustrate the wide range of information that may be available for a given site and the procedures used to estimate scour. Examples sites included in the appendix are bridge 528, Clear Creek; bridge 407, Scott Glacier No. 7; bridge 527, Salcha River; and bridge 857, Nenana River at Healy.
SUMMARY AND CONCLUSIONS
Potential scour computations were completed for 325 of the 340 sites selected for assessment by ADOT&PF. The 15 sites not completed either are affected tidally or do not have bridge plans readily available. Maximum contraction scour and local pier scour were calculated for each bridge by using FHWA scour equations from HEC-18 (Richardson and Davis, 1995) . The discharges used to calculate scour were the 100-and 500-year floods. Floods were calculated using methods outlined in Jones and Fahl (1994) .
Calculated scour depths reported herein represent conditions at a bridge at a single point in time. Channel migration and aggradation or degradation of the streambed that may have occurred during the period of streamflow since the bridge was constructed were not considered in this preliminary assessment. However, greater depths of scour suggest a greater likelihood of scour-related problems occurring at a bridge and, as such, the scour depths summarized in table 2 provide a valuable quantitative scour assessment that can help ADOT&PF identify the need for additional investigation at a particular site. This screening method has the advantage of providing scour depths and bed elevations for comparison with foundation elevations without the time and expense of a field survey. Examples of automated scour analysis for ADOT&PF bridges 407, 527, 528, and 857 are included in the appendix. Those sites selected by ADOT&PF for additional investigation (Phase II) analyses may require on-site inspections and(or) detailed hydraulic cross sections to more accurately estimate scour potential.
SUMMARY EXAMPLES OF FOUR PHASE I BRIDGE-SCOUR ANALYSES
In this appendix are four examples of data summaries from Phase I bridge-scour analyses for four bridges (see location map, below). Examples of raw output from the bridgesite files (Excel spreadsheets), they were chosen to illustrate the wide range of information that may be available for a given site and the procedures used to estimate scour at the site. The examples are presented in ascending order according to the amount of useful hydraulic information available for the site. Thus, bridge 528 has very little background information available, whereas bridge 857 has information available that would be equivalent to a Phase II on-site survey including recent flood-discharge measurements. Examples of spreadsheet output, including summary information and automatic calculations, are provided as follows: Derivations, assumptions, and remarks: Geometry of the stream channel at the fullvalley and approach cross sections was derived from the as-built topographic map. A slope of 0.0030 ft/ft was measured from a U.S. Geological Survey topographic-quadrangle map; this slope was used as the valley slope for templating cross sections and as the initial friction slope for the WSPRO model run. We assumed a Manning's n value of 0.035 and a bed-material grain size of 10 millimeters (0.39 in). Data available: This bridge was surveyed for bridge-scour assessment on August 30, 1996. As-built plans were provided by the Alaska Department of Transportation and Public Facilities.
Summary information included:
Cross sections and scour computations.
Derivations, assumptions, and remarks: Flood flow was allocated among the 11 Scott Glacier bridges by dividing flow computed from an August 30, 1996, discharge measurement among the 11 bridges. Approximately 6 percent of the total Scott Glacier discharge measured on that date passed through bridge 407. As a best approximation based on available data, we routed 6 percent of the Q 100 and Q 500 flows through the bridge, with the understanding that the actual percentage of flow through the bridge may vary significantly with changes in total flow.
Geometry from the as-built plans was combined with soundings made during the August 30, 1996, discharge measurement of 444 ft 3 /s (25 percent of Q 100 ) to construct the full-valley cross section. This geometry was used to template approach and exit sections for the WSPRO model. On the basis of field observations, the approach section was scaled to be 300 percent of the full-valley width at the bridge. Active sediment transport was assumed for two-thirds of the approach. Friction slope was back-calculated from the discharge measurement assuming a Manning's n value of 0.035. This slope was used as the valley slope for templating cross sections and as the initial friction slope for the WSPRO model run.
Because the piles are separated by less than five pile diameters, pier scour was computed for a composite pier length. Bridge 527. Salcha River bridge scour computations.
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Example 4
Bridge 857, Nenana River at Healy, Healy Road, mile 3.2 Bridge 857 has piers and exposed footings. The bridge is near a U.S. Geological Survey gaging station that has available numerous U.S. Geological Survey discharge measurements. 
Summary information included:
Cross sections and scour computations for contraction and pier and for contraction and footing.
Derivations, assumptions, and remarks: Geometry from the as-built bridge plans was combined with the flood-survey data. Surveyed water-surface slope was used as the initial friction slope for the WSPRO model run. Manning's n values were estimated in the field. Good agreement was obtained between the model and the surveyed water-surface profile. This model is complicated by a railroad bridge located about 100 feet upstream. One span of the railroad bridge has been filled, thus reducing the channel width. To model this situation, the highway and railroad bridge were treated as one very wide bridge. Scour was computed for just the highway bridge.
The flood survey revealed that the pier footings were exposed. Local scour was computed for both the pier geometry and the footing geometry. Footing scour was greater and should be used as a worst-case scenario.
Nenana River at Healy
Bridge 857 Bridge 857. Nenana River at Healy bridge scour computations.
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